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Aortic valve regurgitation and the congenitally
bicuspid aortic valve: a clinico-pathological
correlation
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Abstract
Objective-To investigate the mor-

phology of congenitally bicuspid aortic
valves causing pure valve regurgitation.
Design-A case series collected over

five years.
Setting-An academic hospital.
Patients and methods-One hundred

and forty eight excised congenitally
bicuspid aortic valves. The morpho-
logical findings were correlated with sex,
age, clinical history, and data on
haemodynamic function before opera-
tion. Pure valve regurgitation was defined
as grade 3-4/4 with a gradient less than 30
mm Hg. Aortic root dilatation was
evaluated angiographically or echocar-
diographically or both.
Results-Three types were recognised:

valves that were purely bicuspid (23%),
bicuspid valves with a raphe (34%), and
valves with an additional indentation of
the free edge of the conjoined cusp (43%).
In 14 cases pure valve regurgitation was
present. Dilatation of the aortic root was
present in 47 cases. The relative risk for
regurgitation when the aortic root was
dilated (compared with no dilatation) was
3 99. The relative risk for valve regurgita-
tion when there was indentation of the
conjoined cusp (compared with no inden-
tation) was 4 95. The mean age at opera-
tion in patients with pure regurgitation
was 56 years, which is significantly
younger (p = 0-0008) than that of patients
with a congenitally bicuspid valve with
combined valve stenosis and regurgita-
tion (64-7 years).
Conclusions-Congenitally bicuspid

aortic valves with a central indentation of
the free edge of the conjoined cusp seem
particularly likely to develop pure aortic
valve regurgitation.

Congenitally bicuspid aortic valves are not
rare. The frequency of such valves in the
population is estimated at approximately
1-2%.' The clinical course is usually domin-
ated by acquired conditions such as infectious
endocarditis and degenerative changes. Degen-
erative changes are an important cause of aortic
valve stenosis requiring valve replacement.2'
Less is known, however, about the morphology
of the congenitally bicuspid aortic valve that
causes pure aortic valve regurgitation.

The present study was designed to inves-
tigate this particular aspect.

Patients and methods
We studied 148 patients (99 men, mean age
63-6 (31 3-85-7); 49 women, mean age 65-4
(34-9-81-0)) who had aortic valve replacement
because they had what appeared to be a congen-
itally bicuspid valve. Patients with infectious
endocarditis were excluded.
For each patient we noted the sex, age,

clinical history, and haemodynamic variables
assessed during preoperative cardiac catheter-
isation. Pure aortic valve regurgitation was
defined as grade 3-4/4 with a gradient of less
than 30 mm Hg measured during cardiac
catheterisation.5 Aortic root dilatation was
assessed preoperatively during catheterisation
in the usual qualitative manner,6 or by means of
M mode echocardiographic examination of the
aorta in the parasternal long axis (> 37 mm).7

All 148 valves were fixed in 10% formalde-
hyde. Those valves excised in parts were
carefully reconstructed. We paid particular
attention to the shape of the leaflets and the
presence or absence of a raphe. Calcifications,
when present, were graded in a semiquan-
titative manner as slight (±), moderate (+) or
severe (+ +). Calcifications were graded as
slight if only a few calcified spots were iden-
tified. Valve calcification was regarded as
severe when there were extensive deposits
throughout both leaflets. Calcification between
these extremes was graded as moderate.

STATISTICAL ANALYSIS
Differences between the recorded results
where p < 0-05 were regarded as statistically
significant. Differences between proportional
variables were tested with a X2 test and differen-
ces between continuous variables were tested
by Student's t test. The study population was
stratified according to valve morphology and
the presence of aortic root dilatation. Risk
ratios with 95% confidence intervals for aortic
valve regurgitation were calculated according
to Miettinen and Nurminen.'

Results
Three categories of valve morphology were
identified (table 1 and figure). Firstly, valves
with a raphe, which were classified as congen-
ital bicuspid aortic valves with a conjoined
cusp. There were 51 valves of this type (34%).
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Secondly, a similar bicuspid valve with a
distinct indentation of the free edge of the
conjoined leaflet. There were 63 valves in this
class (43%). Finally, in 34 congenitally bicus-
pid valves there was no detectable raphe (23%).
Of the 148 valves 143 showed some degree of

calcification (table 1). The five valves without
calcification all belonged to the group of (14)
valves with pure regurgitation.
There was pure aortic valve regurgitation in

14 patients and dilatation of the aortic root in
47. Tables 1 and 2 show the correlation ofvalve
dysfunction with each of the three different
types of valve morphology and the relation
between valve dysfunction and aortic root
dilatation. Table 3 shows the data on valve
morphology and the state of the aortic root in
relation to the occurrence of pure aortic re-
gurgitation.
We calculated the relative risk (RR) of pure

aortic valve regurgitation when the aortic valve
was indented. We also calculated the relative
risk of valve regurgitation when the aortic root
was dilated. Table 4 shows the results and the
95% confidence intervals.

Patients with pure valve regurgitation were
significantly younger (mean 56 years) at opera-
tion (p = 0 0008) than the group with congen-
itally bicuspid valves who did not have pure
valve regurgitation (64-7 years). The numbers
were too small to show any significant differen-
ces in age at operation in the subgroups.

Discussion
Examination of 148 surgically resected congen-
itally bicuspid aortic valves showed three dis-
tinct groups: purely bicuspid valves (23%),
bicuspid valves with a conjoined cusp contain-
ing a raphe (34%), and valves with a conjoined
cusp and a distinct central indentation of the
free edge (43%). This particular morphology
has been reported as an important cause of
isolated aortic regurgitation,9 10 but its impor-
tance has not been further evaluated.
The present study shows that this particular

type of valve morphology is likely to underly
pure aortic valve regurgitation. Indeed, this
was the case in 11 of 63 (17-5%) valves in this
category, in contrast to only three (3 5%) out of
85 valves without such an indentation. The
underlying mechanism almost certainly relates
to the fact that the peculiar morphology inter-
feres with the proper coaptation of the valve
cusps, particularly once degenerative age re-
lated changes make the valve leaflets less
mobile.
The relative risk of valve regurgitation was

significantly increased when a congenitally
bicuspid valve was indented, (table 4).

Five of the 14 valves associated with pure
valve regurgitation showed no gross calcifica-
tions, whereas there was slight to moderate

(Top) Gross appearance of a congenitally bicuspid aortic
valve with degenerative changes; (middle) a congenitally
bicuspid aortic valve with a raphe and extensive
calcifications; and (bottom) a degeneratively changed
congenitally bicuspid aortic valve with an indentation of
the conjoined cusp, which also contains a raphe. The
rolledfree edge of the conjoined cusp is a clear expression
of long term serious valve regurgitation.
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Table 1 Relation between valve dysfunction and valve morphology

Morphology Pure regurgitation Stenosis/regurgitation Total

Bicuspid 1 33 (7+; 26+ +) 34
Bicuspid with raphe 2 (1+; 1 +) 49 (1+; 7+; 41 + +) 51
Bicuspid with-raphe and 11 (3+; 3+; 1 + +) 52 (14+; 38+ +) 63

indentation

Calcification: +, slight; +, moderate; + +, severe.

Table 2 Relation between valve dysfunction and the
state of the aortic root

Pure Stenosisl
Root regurgitation regurgitation Total

Normal 5 96 101
Abnormal 9 38 47

calcification in the remaining nine valves.
These observations contrast with the moderate
to severe calcification in all valves associated
with combined stenosis and insufficiency. The
age at operation may be a factor but it is
tempting to attribute this finding to haemo-
dynamic differences.
Although prolapse of valve leaflets is widely

accepted as a cause of regurgitation where the
aortic valve is congenitally bicuspid,10 11 none of
our patients showed evidence ofprolapse at the
preoperative examination. On the other hand,
dilatation of the aortic root is known to be an

important associated anomaly."' Although the
precise pathogenetic mechanisms are not yet
fully understood, degenerative aortic medial
disease is likely to be the underlying disorder.
Whether this is congenital and part of a syn-
drome2 or a secondary effect caused by altered
haemodynamic function affecting the ven-
triculoaortic junction remains to be establi-
shed. In our study there was dilatation of the
aortic root in 32% ofthe cases. The relative risk
of aortic valve insufficiency was significantly
higher when a congenitally bicuspid valve was

Table 3 Valve morphology and the state of the aortic root in relation to the occurrence
ofpure aortic regurgitation (total number ofeach type of valve is shown in parentheses)

Bicuspid/raphel
Aortic root Bicuspid Bicuspid/raphe indentation Total

Normal 0 (21) 0 (37) 5 (43) 5 (101)
Abnormal 1(13) 2 (14) 6 (20) 9 (47)
Total 1(34) 2 (51) 11(63) 14 (148)

Table 4 Relative risk ofpure valve regurgitation

Relative risk
No (95% confidence interval)

Bicuspid/raphe/ 63 4-95 (1-6 to 16)
indentation

Abnormal aortic root 46 3 99 (1-5 to 11)

associated with aortic root dilatation (tables 2
and 4). Our results suggest that individuals
with an abnormally wide aortic root and a
bicuspid valve showing an indentation are
more liable to develop pure valve regurgitation
(30% of that subgroup). The numbers, how-
ever, are too small to regard these findings as
more than highly suggestive.
The mean age at which valve replacement is

performed in patients with a congenitally
bicuspid aortic valve is significantly lower in
those with pure valve regurgitation. In this
study we identified aortic valves with an inden-
tation of the conjoined cusp as an important
cause of valve regurgitation-the clinical
importance of this morphological type of valve
is evident.
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